and hematological parameters in RA patients. However, little is known about the impact of RA in patients in Cameroon. The present study was carried out to investigate hematological parameters, C-reactive protein (CRP) levels, and plasmatic proteins variations in RA patients from the YCH.
methods
The study was conducted from January to November 2017 and included 22 RA patients from the rheumatology service of the YCH. RA patients were recruited based on the identification of established diagnosis from medical records of participating rheumatologists and all meet the American Congress of Rheumatology criteria. Healthy visitors who accepted to be consulted by participating rheumatologists were recruited to serve as controls individuals. Visitors that present any personal or familial history of RA or autoimmune disease were not included in the study. The study protocol was approved by the Cameroon National Ethics Committee for Human Health Research, through Authorization No 2016/777/CE/CNERSH/SP of June 10, 2016. Informed consent was obtained from all adult participants while assent was obtained from minors through a parent.
After enrollment, 5 ml of blood were collected by venipuncture into an ethylenediaminetetraacetic acid-and an anticoagulated tube. The first one was used for blood cell counts using a hematological analyzer (SHENZHEN MINDRAY BC-2800 of biomedical electronics, China). Blood cells populations were compared to the normal physiological values and means values compared among the two groups. The blood parameters studied included red blood cell number (RBC), hemoglobin (HGB) level, hematocrit or packed cell volume, and mean corpuscular volume (MCV) of RBCs; white blood cell level (WBC), as well as WBC subpopulations. The plasma obtained was used for protein profiles analysis, after electrophoretic migration on a cellulose acetate gel for 50 min. Again, proteins values were compared to reference range and mean compared between the two groups. Protein profile was interpreted with reference to Szymanowicz et al. recommendations. [4] The serum obtained was used for the determination of CRP level by the plate agglutination technique (PLC kit, HELENA, France). Parameters averages were calculated and compared using the GraphPad software version 17, P < 0.05 were considered statistically significant.
results
The sociodemographic information of the population was as follows: out of the 32 participants, 22 were RA patients and 10 were controls. Furthermore, 7 were male (21, 87%) and 25 were female (78, 12%), sex ratio 3.57 in favor of females. The patient's group was made of 17 females and 5 males whereas the controls group was made of 8 females and 2 males. The mean age in the reference group was 36.90 ± 11.86 years (age range: 21-57 years) while it was 58.45 ± 14.91 years in the RA group (age range: 30-86 years). There was no significant difference among the age of participants.
C-reactive protein results profile
Our study revealed that 59.09% (13/22) of patients presented high levels of CRP (ranging from 12 to 108 mg/L) compared to 10% (1/10) (concentrations ranging from 6 to 24 mg/L) in the control group.
Hematological parameters

Red blood cells and hemoglobin profiles
The mean RBC counts were 4.38 × 10 6 /μl and 4.698 × 10 6 /μl of blood, respectively, in the RA group and in the control group. The mean value of HGB was 11.07 g/dl in the RA group and 12.73 g/dl in the reference group with a significant difference among the two (P = 0.0192) [ Figure 1 ]. It was also found that the MCV was 85.40 in the RA group compared to 88.13 in the reference group and that hematocrit concentration was 37.19 and 40.50 in patients and control groups, respectively [ Table 1 ].
White blood cells and subpopulations
Evaluation of WBCs and their subpopulations revealed that the mean value of total WBCs was 4983/μL and 4219/μL, respectively, for the RA and control groups (P = 0.2341). The lymphocytes concentration was 1944/μl and 1872/μl, (P = 0.7696) while the monocyte concentration was 875.4/μl and 611.5/μl, respectively, in the RA group and the control group [ Table 1 ]. The total WBC population appeared to be relatively higher in the pathological group than in the healthy control group. A high level of lymphocytes and monocytes was observed and could be linked to the activation of several cell lines during inflammatory processes especially in RA patients.
Basic serum proteins profiles
As shown in Table 2 , analysis of protein profiles revealed low levels of serum albumin in 54.5% of RA patients compared to 20% in the control group. Similarly, 59.1% of patients presented a low level of alpha-1 globulin (α1-globulin) compared to 40% in the reference group. Higher level of alpha-2 globulin (α2-globulin) was also identified in RA patients (27.3% vs. 10%, P = 0, 3871), while β-globulins did not vary significantly (40.9% vs. 40%). Moreover, the RA patients showed significant [ Table 3 ] increase of gamma-globulin levels (72.7% vs 30%; P = 0.0494).
dIscussIon
This study was carried out to investigate some RA manifestations that can be detected from serum protein profiles as well as the hematological parameters of patients with RA in Yaounde, Cameroon.
C-reactive protein in rheumatoid arthritis
CRP profile analysis revealed that, although parasitic infections (intestinal parasites or malaria) can cause CRP production, [5] the latter is produced during inflammatory processes, and binds to both stimulatory receptors, FcgammaRI and FcgammaRIIa to increase phagocytosis and release of inflammatory cytokines. In RA patients, CRP is suspected to play a central role in the spread of coronary artery disease. Several reports have linked inflammation and cardiovascular risk; many studies suggest that CRP can be used as a marker for subclinical atherosclerosis and cardiovascular risk. [5] As an example, endocardial involvement which affects 40% of RA patients is related to valvulopathies resulting from the narrowing of the heart valves. [6] 
Hematological in rheumatoid arthritis
Red blood cells and hemoglobin
The significant difference in HGB concentration between the two groups and the similarities in the MCV of RBC (normochromic), hematocrite (normocytosis), and mean corpuscular HGB concentration (normocytosis) suggests HGB-related anemia in the RA patients compared to the control group. Masson et al. in 2010 [7] described a normochromic, normocytic, and in some cases microcytic anemia in patients suffering from chronic diseases. The latter authors described such anemia as the consequence of the abnormal metabolism of hepcidin, a hyposideremic hormone. In his normal metabolism, hepcidin regulates the transmembrane transport of iron and prevents iron exit from enterocytes, macrophages, and hepatocytes, but in RA patients, it instead inhibits the intestinal absorption of iron and its release from macrophages or hepatocytes. Indeed, inflammation which characterizes RA causes increased synthesis of hepcidin under the influence of IL-6, a decrease in the proportion of nucleated erythroid cells in bone marrow and hyposideremia [7] and a subsequent asthenia and weight loss. [7] Some other studies describe rheumatoid anemia as a consequence of the chronic gastrointestinal injury leading to low ferritinemia.
[8]
White blood cells and subpopulations
This study showed a widespread of lymphocytes and monocytes linked to the activation of numerous cell lines during inflammatory processes, especially in RA patients. Sany et al. previously described RA and revealed that in about 25% of cases it is characterized by leukocytosis with polynucleosis and sometimes eosinophilia; high level of thrombocytes correlating with the inflammatory joint state.
[8] Indeed, while the synovial membrane is a paucicellular structure in a normal individual, it is infiltrated by many cells populations mainly comprising CD4 + T-cells, B-cells, and macrophages that are organized into lymphoid aggregates. It has been reported that dendritic cells, monocytes/macrophages, neutrophils, and mast cells involved in the activation of the innate response are attracted to the synovial membrane by chemokines (MCP-1, MIP-1, RANTES, and IL8).
Serum proteins profiles
As the main serum proteins, albumin has many physiological properties including antioxidant, anti-inflammatory, and endothelium protection against cirrhosis. A decrease in albumin synthesis is correlated with an alteration of hepatic synthesis, especially since the liver is the unique site of its synthesis. Morel et al. have reported persistent hypoalbuminemia in patients with RA and attributed it as the consequence of hepatocellular insufficiency, poor nutrition, inflammatory conditions, and urinary leakage in the nephrotic or digestive syndrome. [4] It has also been found that hypoalbuminemia, especially when it is less than 22 g/l, is a predictive factor of the occurrence of infections and mortality because of its involvement on healing and repair of fractures; platelet hyperaggregability and erythrocyte morphology. [9] Deficiency in α1-globulin is associated with liver damage in children and lungs in adults. Indeed, α-1 antitrypsin (AAT) is a protein which main function is to protect the lungs against attacks of proteases; it has been reported that AAT deficiency can be related to a genetic mutation that causes liver retention of α-1-antitrypsin with a risk of developing a liver function disorder; [7] this deficiency results in an insufficient concentration of AAT in the lungs and failure to protect them leading to pulmonary emphysema. [9, 10] A decrease in α-2 globulin has also been described to be associated with hepatocellular insufficiency and poor nutritional states and also characterized inflammatory diseases as seen in nephrotic syndrome. [4, 8] Sany et al. revealed that RA is associated with an increase in the serum level of α2 globulins. [8] Gamma-globulins main function is to mediate the body's natural defense by detecting and destroying pathogens. Elevated gamma-globulins in RA patients could be associated to high levels of CRP but also increase the concentration of some immunoglobulins subpopulations (IgG, IgM, IgA, IgE, and IgD). An Australian study on 33 patients with RA revealed that a significant proportion of patients had elevated serum homocysteine (hyperhomocysteinemia) levels compared to healthy individuals, coinciding with low folic acid and high concentrations of immune activation markers (TNF-R75 and neopterin immune activation markers). [11] conclusIon Overall, this study brings out that anemia, hypoproteinemia, α-1 antitrypsin deficiency and hypergammaglobulinemia occur in RA patients. Meanwhile, further comprehensive investigations using more patients and controls are needed to get more on the impact of RA.
Limitations of the study
Few men were enrolled in the study and could not highlight the influence of gender and age groups on the changes in the biological parameters in patients with RA. In addition, a larger number of participants would have been needed to get more insights on the variations of the measured parameters.
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